Over the course of an animal's lifespan, there is a protracted breakdown in basic homeostatic functions. Stressors (both psychological and physiological) can accelerate this process and compromise multiple homeostatic mechanisms. For example, both stress and aging can modulate neuroinflammatory function and cause a primed phenotype resulting in a heightened neuroinflammatory profile upon immune activation. Microglia, the brain's resident myeloid cell, produce "silent" immune machinery in response to stress and aging that does not cause immediate immune activation; rather, these changes prime the cell for a subsequent immune insult. Primed microglia exhibit a hyperinflammatory response upon immune activation that can exacerbate pathology. In this review, we will explore parallels between stress-and aging-induced neuroinflammatory priming. First, we will provide a background on the basic principles of neuroimmunology. Next, we will discuss evidence that neuroinflammatory responses become primed in the context of both stress and aging. We will also describe cell-specific contributions to neuroinflammatory priming with a focus on microglia. Finally, common mechanisms underlying priming in the context of stress and aging will be discussed: these mechanisms include glucocorticoid signaling; accumulation of danger signals; dis-inhibition of microglia; and breakdown of circadian rhythms. Overall, there are multifarious parallels between stress-and aging-elicited neuroinflammatory priming, suggesting that stress may promote a form of premature aging. Further unravelling mechanisms underlying priming could lead to improved treatments for buffering against stress-and aging-elicited behavioral pathologies.
Background
The concept that stress and aging are interrelated has pervaded the gerontology literature in two main forms (Sapolsky et al., 1986) . First, aging activates stress response pathways in a maladaptive, chronic manner, leading to reduced adaptivity to stress in senescence. Consequently, physiological systems in aged animals inadequately respond to stressors (Haigis and Yankner, 2010) . For example, aged and young animals typically show comparable thermoregulation at baseline, but aged animals exhibit thermoregulatory impairments when heat-or cold-challenged (Degroot and Kenney, 2007; Tournissac et al., 2017) . Second, chronic stress accelerates the aging process. Selye (Selye and Tuchweber, 1976) and later Sapolsky (Sapolsky et al., 1986) postulated that prolonged stress prematurely depletes an organisms energy reserves, accelerating the onset of senescence. Experimental evidence supports this theory. For example, hypocortisolism, which can develop from chronic stress exposure, is associated with shortened telomere length, a hallmark of aging (Wikgren et al., 2012) .
The aging process is characterized by a protracted breakdown in basic homeostatic functions over the course of the lifespan. Stress can accelerate this process and compromise multiple homeostatic mechanisms. Of special interest here, aging and stress both have profound effects on neuroimmune regulation. For example, young animals maintain an adaptive balance between pro-and anti-inflammatory mechanisms in the brain: the healthy adult immune system is not activated at baseline but is poised for an effective immune response to infection or damage. In contrast, with aging, this balance shifts towards a potentially pathological sensitized neuroimmune state at baseline (Fonken et al., 2016b) . Similarly, exposure to acute and chronic stressors can release inhibitory mechanisms that regulate immune cell activity in the central nervous system (CNS), leading to heightened neuroinflammatory responses to immune challenge (Frank et al., 2018a,b) .
This shift towards a baseline sensitized inflammatory phenotype has been termed neuroinflammatory "priming". Priming is defined as a process whereby an antecedent condition or prior exposure to a stimulus potentiates the immune response to a subsequent condition or stimulus. In particular, priming of the neuroinflammatory response is attributed to microglia, the major CNS immune cell. Primed microglia exhibit a much stronger response to an inflammatory stimulus than that observed in stimulus-naïve microglia. Indeed, aging and stressors (both physiological and psychological) cause microglia to develop a primed phenotype, resulting in a protracted neuroinflammatory profile upon immune activation.
Here, we will explore the common mechanisms that mediate stress and aging induced neuroinflammatory priming. First, we will provide a brief background on some basic principles of neuroimmunology. Next, https://doi.org/10.1016/j.bbi.2018.07.012 Received 18 April 2018; Received in revised form 9 July 2018; Accepted 12 July 2018
